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It has been known for a long time that altered activity
in a variety of enzyme systems exist in cancers. The ter¬
minology used in referring to multiple forms of enzymes has
been clarified by the lUPAC-IUB Commission on Biochemical
Nomenclature (1971). "The term 'isoenzyme' or 'isozyme'
should apply only to those multiple forms arising from
genetically determined differences in primary structure ....
Nevertheless, the term 'isozyme' or 'isoenzyme' is being
used as an operational term in dealing with enzyme proteins
with the same catalytic activities but separable by suitable
methods (e.g., electrophoresis) and where knowledge of the
nature of the multiplicity is lacking." Since this thesis
deals with work in which the nature of the multiplicity is
unknown the term isozyme will be used in the spirit of the
second alternative.
Franseen and McLean (1935) found that the increased
production of phosphatase by osteoblasts in osteogenic
sarcoma was evidence of increased synthesis of an enzyme
by neoplastic cells. An increase of alkaline phospha¬
tase (APase) has been reported in HeLa cells and human
cancers. Fishman et al. (1968) have characterized APase
of the Regan isozyme, an isozyme isolated from the serum
of a male patient who had bronchiocarcinoma, to be
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similar to the APase in human placenta.
An increase of APase activity has been reported in
thymic lymphomas of mice (Smith, 1961; Metcalf et al., 1962;
LagerlBf and Kaplan, 1967). LagerlBf and Kaplan (196t) also
found that the mouse embryo thymus shoved APase up to seven¬
teen days gestation. Lumb and Doell (1970) found a laajor
component of the leukemic APase exhibiting the same elec¬
trophoretic mobility as the normal spleen APase activity.
A minor component was also found in the leukemic extract.
They suggested that APase may represent a derepressed
embryo function.
The goal of this research was to support or refute
this hypothesis by electrophoretic and histochemical
analysis. Electrophoresis has been q.uite useful in sep¬
arating and characterizing Isozymes from different sources.
In this study the electrophoretic mobility of lymphoma APase
activities was compared with that of normal spleen, pla¬
centa and sixteen-day embryo. The placenta was selected
to see if the mouse system had a placental-like APase
activity in tumors similar to the Regan isozyme found in
human tumors. Embryo thymus and spleen have been shown to
contain APase activity which was similar to that found in
mouse lymphoma by biochemical characterizations (Lumb and
Doell, 1970). Since the embryo thymus material was limited.
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it was impractical to use this tissue for electrophoretic
analysis. Instead the whole embryo at that same age was
used. The normal adult spleen APase was also characterized
for comparison.
Additional information about the role of carbohydrates
in the APase structure can be obtained from neuraminidase
treatment of the extracts. The histochemical localization
of APase in the different tissues was used to evaluate





Svedherg and Tiselus (1926) vere the first to perform
electrophoresis. This was demonstrated in a liquid medium
in which the proteins diffused after separation. Zone
electrophoresis, a narrow hand or space in a stabi¬
lizing medium such as a sheet of paper or a gel, helped
alleviate the problem. Paper separation is carried out in
a continuous buffer system with constant conditions. It
has a slight denaturing effect on proteins which results
in minor tailing of the bands. It is better for small and
medium size molecules such as amino acids and peptides.
Larger molecules give more tailing (Smith, 1967). Cellu¬
lose-acetate electrophoresis has minimal adsorption such
that tailing is eliminated; rapid separation is achieved
in a short time; smaller quantities of sample can be used;
it is more chemically pure and is easily cut into small
pieces after the run; and the strips can be cleared
reducing background error (Kohn, 1957; Afonsa, I961).
Starch gel electrophoresis is carried out in discon¬
tinuous buffer which gives great sharpening and has a
pore structure which gives a molecular sieve effect to
the migrating protein (Poulik, 1957). Acrylamide disc
gel electrophoresis offers advantages over the starch gel
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technique. Some of the advantages are ease of preparation,
inertness of gel components, quicker runs, continuous or
discontinuous buffer system can be used, and pore size can
be varied (HJerten et al., 1965; Allen et al., 1969).
The method of electrophoresis decided on was the poly¬
acrylamide vertical flat-bed discontinuous electrophoresis
in gradient pore size gel (Allen and Moore, 1966). Because
twelve samples can be used per cell and four tissues were
used, three stains could be done on a slab to get accurate
measurements of the migration of the enzyme. All samples
travel through the same concentration of gel whereas in
the tube, the concentration may vary. The Ortec U200
electrophoresis system in conjunction with the UlOO pulsed
constant power supply was used since this allows for the
use of a higher voltage. A higher voltage gives better
resolution but the heat produced denatures the enzyme.
This problem is solved by using pulses of voltage (Allen
et al., 1969).
Isozymes Related to Cancer
Intensive efforts have been directed toward comparative
differences of isozymes between normal and neoplastic
tissues. The results have shown altered activity in a
variety of enzyme systems. APase, lactate dehydrogenase
(LDH), esterase and aldolase have shown definite increases
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in neoplastic tumors. The levels of particular forms of
an enzyme in certain cancers seem to closely parallel the
clinical status (Starkveather and Schoch, 1962; Kadlecova
et al., 1967)> Starkveather and Schoch (1962) studied LDH
activities of nine adult tissues and eleven neoplastic
tissues and pointed out that the distrihutlon of the LDH
isozymes tend to become uniform in cancers of various
origins* Richterich (1963) and Goldman et al. (1964)
found that the slovest isozyme of LDH is markedly Increased
in malignant cases. However, Kadlecova et al. (1967)
examined levels of different isozymes of LDH and saw
definite isozyme patterns characteristic of particular
kinds of cancers. Since increases occur in particular
isozymes in particular kinds of cancer, isozymes are useful
in clinical diagnosis (Goodfriend and Kaplan, 1965; Latner
and Skillen, I968).
Several experimental tumor systems have indicated a
relationship between fetal enzyme forms and those enzymes
appearing in malignant tumors. Knox et al. (197I) observed
that glutaminase present in hepatoma and fetal liver is
replaced in adult rat liver by another form requiring less
phosphate and hexokinases are replaced by glucokinase in
adult liver. Tyndall et al. (I97l) studied LDH, esterase
and protein profiles in normal, leukemic and fetal mouse
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tissues. Their results indicated that infection with
Rauscher leukemia virus results in the suhseq.uent emergence
of cells having profiles similar to fetal thymus and spleen
tissues. In a study of fetal type Isozymes in hepatic and
nonhepatic rat tissues Farron et al. (1972) clearly demon¬
strated that nonhepatic as veil as hepatic tumors contained
immature forms of IiDH, aldolase and pyruvate kinase. These
studies Indicate that coincident vith neoplastic trans¬
formation may he derepression of repressed embryo functions.
Isozymes of Alkaline Phosphatase
Alkaline phosphatase is the name for a class of
enzymes vhich hydrolyze monophosphate esters at an alkaline
pH. The function of these enzymes is not known because the
high pH is unphysiological. APase has been suggested as
having something to do with active transport because it is
frequently found membrane-bound.
APase was demonstrated between the outer membrane and
plasma membrane of £. coli (Dome et al., 1965). Most
workers find three bands of APase (Lazdunski and Lazdunski,
1967; Simpson et al., I968). Lazdunski and Lazdunski
(1967) separated three isozymes and found that pure samples
of either enzyme I or enzyme III, after dissociation and
reassoclatlon gave only the original single band on disc
gel electrophoresis. Pure enzyme II, after dissociation
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and reassociation a gare three bands, corresponding to
isoxyme I, II, and III. This is due to the presence of two
different subunits in coli APase, a dimer, which are
able to dissociate and reassociate into three different
forms.
HeLa cells, a cell line derived from a cervical
carcinoma, have been shown to have APase activity similar to
placental APase (Cox and Griffin, 1967)> Warnock and
Reisman (I969) characterized the APase of normal liver and
hepatocellular cancer as being different according to
electrophoretic mobility, substrate specificity, heat
stability, sensitivity to L-phenylalanine, molecular weight
and behavior with neuraminidase.
A distinct APase isozyme, the Regan isozyme, is
associated with bronchogenic carcinoma. The biochemical,
electrophoretic and immunologic profiles indicate that the
Regan isozyme appears to be identical to the human placental
isozyme (Fishman et al., I968). The enzyme kinetic studies
showed a close resemblance between the placental and Regan
isozyme, except for the experiments with urea, which
reflected a difference in the three dimensional structure
(Fishman, I969).
Role of Virus in Mouse Leukemia
Gross (1951) first demonstrated that mouse leukemia
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could be induced by a cell free extract. This indicated
that a virus is present. A virus was later isolated from
the AKR mice. Gross (1958) and Lieberman and Kaplan (1959)
shoved that leukemia viruses appear in low-incidence
leukemic mice when treated with x-irradiation. Chemicals
were later shown to activate the virus in C57B1 mice
(Haran-Ghera, 1967; Doell and Mathieson, 1970). This
indicates that the virus is present in the animal in the
inactive form and appears after activation by irradiation
or chemical carcinogen.
The Gross virus appears as a C-type particle in the
electron microscope. The C-type particles are spheres
about 100 nm in diameter and are limited by a single or
double outer membrane. The outer membrane seen in electron
micrographs corresponds to a coat or envelope which is
formed by a budding process of the cell membrane which
precedes virus liberation (Vigier, 1970). The envelope
contains a large amount of lipid in addition to protein
which accounts both for the low density of virions and for
their sensitivity to phospholipase and lipid solvents
(Quigley et al., 1972). Two glycoprotein components
containing glucosamine, galactose, and fucose were isolated
from the virus (Duesberg et al., 1970). De Th^ (1966)
found APase, usually a glycoprotein, and adenosine tri-
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phosphatase activities on the envelope of murine leukemia
viruses. The envelope also exhibits distinct knobs on its
surface according to SchSlfer et al. (1972). The virus also
develops an intermediate layer comparable to the capsid
layer of deoxyribonucleic acid viruses and naked ribonuclei
acid (RNA) viruses. Inside the intermediate layer is a
heavy electron-dense layer containing the inner portion of
the nucleocapsid (Dalton and Stewart, 1972). The nucleocap
sid is centrally located (Nowinski et al., 1970). The
major nucleic acid components of murine RNA tumor viruses
are a large 60-70S RNA and a small 4-12S RNA (Watson, 1971)
In addition reverse transcriptase is associated with the
nucleocapsid (Gallo et al., 1971)*
Role of Alkaline Phosphatase in Mouse Leukemia
Smith (1961, 1962) observed that APase activity is on
the thymic lymphocytes in AKR and x-irradiated induced
lymphoma in C57B1 mice. C57B1 normal mice show no APase
activity (Smith, I961) except for the low level of activ¬
ity present in the l6-day-embryonic thymus which is the pre
cursor of thymic lymphocytes (Lagerlfif and Kaplan, I967).
There is some disagreement as to the appearance of APase
activity with the chronological development of lymphoma.
LagerlBf and Kaplan (I967) and Wilson et al. (1971) found
that APase activity increased as the neoplastic trans-
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formation occurred. Siegler and Rich (196t) found APase
activity after the lymphoma was at least three times the
weight of the normal thymus in ICR/Ea Swiss mice. In this
connection it is of interest to note that LagerlBf and
Kaplan (1967) and Wilson et al. (1971) used the more sen¬
sitive technique.
APase is found in the rim of cells surrounding the
Malpighian bodies and the germinal centers of the spleen
and on the cell membrane of lymphoma cells (LagerlBf and
Kaplan, 1967; Lumb and Doell, 1970). Lumb and Doell (1970)
did a biochemical characterization of chemical and viral
induced thymic lymphomas of C57B1 mice. Liver, spleen and
duodenum were characterized for comparison. Heat inactiva¬
tion, pH optimum, and substrate specificity indicate that
the APase of lymphoma cells resemble that of the normal
spleen. Electrophoretic analysis revealed that lymphoma
extracts have a faster moving band similar to spleen and
a slower moving band distinct from the normal tissues
tested. Further electrophoretic analysis of APase in
normal and leukemic tissues of the C57B1/6 mice was per¬
formed following tris-HCl and butanol-H20 extractions
(Neumann et al. , 1971)* Although Neumann et al. (1971)
stated that they found no differences between normal and





The normal tissues were obtained from C^TBl mice. The
placenta and embryo were remored from sixteen-day pregnant
mice. The thymus and head were removed from the embryo.
The remaining tissue was used and is referred to as embryo.
The spleen was taken from adult male C^7B1 mice.
The lymphomas were obtained from C57B1 mice which were
injected with either urethan or a virus (C57LV) which was
isolated from a lymphoma induced with 6-mercaptopurine
(6-MP) (Doell and Mathieson, 1971)• Since previous experi¬
ments had shown no differences between activities of
different tumors, some of the tumors were pooled. The
lymphomas used were L-49 from the IP"^^ passage of the C57LV,
L-137 and L-139 from the 13'*'^^ passage of the C57LV and
L-175 from the lU^h passage of the C57LV, and 6-MP induced
L-244, urethan induced L-11 and L-l64, and spontaneous
L-147. Lymphoma L-137 was termed LI. Lymphomas L-49 and
L-139 were pooled and called L2. Lymphomas L-11, L-l47»
L-164, L-175 and L-244 were pooled and called L3.
Preparation of Enzyme Extracts
Tissues were removed from the animal or freezer and
homogenized in 0.015 M NaCl solution. Thirty per cent
butanol was added to the crude extract and homogenized.
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This was centrifuged at 25»000 revolutions per minute (rpm)
using a type 30 rotor or 1^9,000 rpm using a type 50 rotor
for 30 minutes at 1 C in a Beckman L3-50 ultracentrifuge.
The aqueous layer was used. Concentration was achieved by
putting the extract in a collodion membrane which was
previously soaked over night in several changes of deionised
water and letting the liquid and smaller molecules diffuse
out by the use of a vacuum pump attached to the apparatus
in the cold room. Sucrose was added to concentrated
extracts to make a final concentration of 30JK,
Specific Activity Determination
Assay with p~nitrophenyl phosphate (pBPP). The extracts
were preincubated with ammediol buffer (2-amino-2-methyl-
1,3-propandiol). The buffer had a final concentration of
O.OU M with 5 mM MgClg at pH 10 at 37 C. The pNPP was added
at a final concentration of 3.38 mM in a reaction volume
of 1 ml. The reaction was stopped after 30 minutes at 37 C
by adding 2 ml 0.5 H HaOH containing 0.1 M EDTA. The
concentration of p-nitrophenol (pNP) was determined by
reading the absorbance at 400nm and referring to a cal¬
ibration curve. Blanks were prepared in the same way
except that EDTA in NaOH was added prior to the addition of
substrate.
Protein Determination. Protein was determined by the
procedure of Lowry et al. (1951) with known amounts of
Ik
bovine serum albumin as standard.
Specific Activity Calculation. Specific activity Is defined
as micromoles PNP liberated In 30 minutes per mg protein at
37 C.
Treatment of Extracts
Neuraminidase treatment. Enzyme extract was mixed with
equal volume of neuraminidase (20 units per ml of Cl.
perfrlngens, Type V, Sigma Chemical Corp.) and allowed to
Incubate for 30 minutes at 37 C In a water bath before
being placed In wells.
Heat treatment. Enzymes were heated for one hour at 55 C
In a water bath before being placed In wells.
Electrophoretic Procedure
Gel casting. A vertical flat-bed cell was placed In the
casting stand and fastened to prevent leaking of solutions.
As shown In Fig. 1, three layers were cast separately.
Each layer was water layered, allowed to polymerize for
twenty minutes, and the water layer was removed. Layers
1, 2 and 3 contained , 6% and k 1/2% acrylamide, respec¬
tively. After the water layer was removed, layer k
containing 8% acrylamide was poured. The teflon well
former was Inserted In layer U and allowed to polymerize
for 20 minutes. Ater polymerization the teflon well former
was removed and the residual water was blotted off with a













Q-tip swab. The samples were placed in each well. The
cap sealing gel was carefully added to each well and allowed
to polymerise for 20 minutes. All layers contained
bisacrylamide in the ratio 1:8 with acrylamide and 0.15?
sodium dodecyl sulfate.
Buffers. The gel was buffered at pH 9 with 0.035 M tris-
sulfate. The upper and lower tank buffers were 0.052 M
tris-glycine pH 8.9 at 25 C. The upper tank buffer also
contained 1».8 x 10”^/? bromophenol blue tracking dye.
Separation. Separation of enzymes was accomplished in
discontinuous electrophoresis in gradient pore size gels.
Electrophoresis was carried out with the Ortec constant
pulsed power system. Single cell operation had a capacitance
of 1.0 microfarad (mfd), voltage of 325v, and a beginning
rate of 75 pulses per second (pps). After five minutes the
rate was changed to 150 pps. Five minutes later the rate
was changed to 225 pps and left at that rate until
bromophenol blue tracking dye had migrated 7.2-7.8 cm,
usually 65-75 minutes. Double cell separation was carried
out with all the same settings as for single cell opera¬
tion except that the voltage level was at UOOv.
Gel removal. After the run the cell was placed in ice
water for five to ten minutes. A 23 gauge 3 inch long
cannula through which water was flowing under slight pressure
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was inserted down both side edges of the cell and across
the cell until the cannula slipped easily up and down the
cell. A small portion of the gel was cut from one end
portion to identify the position of the extracts. The gel
was removed by gently pushing out from the bottom of the
gel with a special plate.
Staining Procedures
Azo-stain. Azo-dye method was that of Mannheimer and
Seligman (1948) as modified by McKay et al. (1953) with the
following modifications: 25 mg of Fast Blue RR and 20 mg
sodium alpha-naphthyl phosphate were ground in 12 ml of
ammediol buffer pH 10 with 5 mM MgClg. This mixture was
poured on the gel and placed in the refrigerator for 30
minutes. The stain was applied. This procedure was
repeated for a total of three times. This procedure is the
same as above when using alpha-naphthyl phosphate AS-MX
except that 0.1 M tris at pH 10 in the cold with 2.% MgClg
was used.
Lead Conversion Method. Gels were allowed to incubate for
20 minutes in solution A which was composed of 0.05 M
pyrophosphate, 0.015 M MgClg (or CaCl2) and 0.33 M tris at
pH 9<5* After washing once in water, gels were allowed
to incubate for 30 minutes in solution B. Solution B
contained 0.08 M maleic acid, 0.08 M tris, 90 ml NaOH and
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0.003 M lead nitrate in one liter water. The gels were
washed in repeated changes of water for one hour and placed
in 5% ammonium sulfide.
pHPP. A 33.8 mM pHPP solution per ml was applied on the
gel.
Modified Fiske-Suhbarow. Although the Gomori lead conver¬
sion stain was sufficient for the pyrophosphate substrate,
it was not sufficient for the beta-glycerophosphate sub¬
strate. Therefore the Fiske-Subbarow Method, which is a
biochemical assay, was adapted for use on the gel. A solu¬
tion of 0.05 M beta-glycerophosphate, 0.015 M MgClg, and
0.033 M tris was added to the gel for 20 minutes. The gel
was rinsed and 20 ml of acid molybdate reagent with 5 ml of
Fiske-Subbarow reagent were added to the gel and allowed to
remain until the bands appeared.
Protein. Gels were stained for protein in a solution of
0.17 grams Amido Black Stain per liter of 7.5/^ glacial acetic
acid. After a two hour staining period at 65 C, the back¬
ground stain was removed by repeated washes in 10% acetic
acid.
Histochemistry
Frozen Sections. Fresh samples were secured from C57B1
mice and frozen immediately in the cryostat at -20 C.
Frozen sections were cut 7 microns thick, put on coverslip
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and either stained vith hematoxylin and eosin (HE) or
stained for APase.
Histoehemical Stain for APase. Frozen sections were
incubated at 4 C for minutes in an incubating mixture
which consisted of 10 mg alpha-naphthyl phosphate AS-MX,
25 mg Fast Blue RR, and 25 ml of 5 mM MgClg in ammediol
buffer pH 10 in the cold. Control sections were first
incubated in 1 N HCl for 10 minutes, then stained in a
coplin Jar with experimental sections.
CHAPTER IV
EXPERIMENTAL RESULTS
Hlstochemical Localization of APase
The activity of APase as detected by histochemistry in
the different tissues correlates vith the amount of activity
present in different extracts. An example of this is the
heavily stained placenta (Figs. 2, 3). Comparison of the
HE stained sections vith the sections stained for APase
allovs the APase positive cells to be identified.
APase activity appears in the blood vessels of all
tissues stained (Figs. ^); in the syntrophoblast and
cytotrophoblast of the placenta (Figs. 2, 3); in the cyto¬
plasm and cell membrane of the liver, intestine and
cartilage of embryo organs selected for demonstration of
APase activity (Figs. 6-11); in the cell membrane of
lymphoma (Figs. 12, 13); and in the cells surrounding the
germinal follicles of spleen (Figs. l4, 15).
Partial Purification of APase
Specific Activity. Table 1 shovs activity in units of
specific activity. The specific activity for the crude,
butanol and concentrated extracts is listed. Butanol
treatment increased the specific activities of all extracts.
Concentration of the extracts increased the specific ac¬
tivity of some extracts vhlle decreasing the specific
activity of others.
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Fig. 2. A section of placenta stained with HE (X3100).
Fig. 3. Histochemical localization of alkaline phos¬
phatase in a section of placenta adjacent to
the section shown in Fig. 2. Darkly stained
areas indicate alkaline phosphatase actirity,
since controls show no stained areas (X3100).
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Fig. U. A section of a lymphoma showing a blood vessel
(b.v.) stained with HE (X775).
Fig. 5. Histochemical localization of alkaline phos¬
phatase in a section of a blood vessel (b.v.)
of lymphoma adjacent to the section shown in
Fig. It (X775).
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Fig. 6. A section of embryo liver stained vith HE (X3100).
Fig. 7« Histochemical localization of alkaline phosphatase
in a section of embryo liver adjacent to the
section shown in Fig^, 6 (X3100).
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Fig. 8. A section of embryo intestine stained with. HE
(X3100).
Fig. 9* Histoehemical localization of alkaline phos¬
phatase in a section of embryo intestine
adjacent to the section shown in Fig. 8 (X3100).
2k
Fig. 10. A section of embryo cartilage stained vith HE
(X3100).
Fig. 11. Histochemical localization of alkaline phos¬
phatase in a section of embryo cartilage
adjacent to the section shown in Fig. 10 (X3100).
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Fig. 12. A lymphoma section stained vith HE (X3100).
Fig. 13. Histochemical localization of alkaline
phosphatase in a section of lymphoma
adjacent to the section shown in
Fig. 12 (X3100).
t
Fig. lU. A spleen section stained vith HE (X3100).
Fig. 15. Histochemical localization of alkaline
phosphatase in a section of spleen





Specific Activity of Alkaline Phosphatase Extracts
Tissue® Specific Activity^ of Extracts
Crude Butanol Concentrated
Placenta h.kk 25.88 15.22
Placenta 3.71 9.63 9.95
Embryo 1.75 7.53 10.01
Embryo 1.93 U.06 6.93
Spleen 0.22 l.kk 3.50
Spleen 0.6U 2.35 3.06
Spleen 0.31 1.17 1.69
Lymphoma 4.UU 11.11 c
Lymphoma 1.3h 5.74 8.44
Lymphoma 0.82 5.16 3.81
a There vere two separate preparations of placenta and
embryo extracts and three separate preparations of spleen
and lymphoma extracts.
b Specific activity is expressed as micromoles of p-nitro-
phenol liberated per milligram protein in 30 minutes at 37 C.
c The first lymphoma extract prepared was not concentrated.
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Enzymatic ActlTity. Table 2 shows the amount of protein
and enzymatic activity units per well for each extract.
The amount of protein in each sample in the gel is expressed
as fig protein per well. The activity units are expressed
as micromoles of p-nitrophenol liberated in 30 minutes at
37 C. Similar amounts of activity are present per well.
Electrophoretic Mobility of APase Activities
Figure l6 shows the electrophoresis of APase activity
using the substrate pNPP. All extracts show APase with
the same maximum mobility. Placenta and spleen extract
definitely have one band. The slower moving band which
appears in the spleen is probably the hemoglobin molecule
of the spleen, since it appears prior to staining. The
embryo and lymphoma p-nitrophenyl phosphatase (pNPPase)
may have two unresolved bands since the bands are so much
wider than those of the placenta and spleen. Neuraminidase
slows the mobility of pNPPase activities from all extracts
except that of the embryo.
The pattern of APase activity using the substrate
beta-glycerophosphate is like that using pNPP (Pig.,17)
Placenta and spleen extracts show one band of beta-glycero-
phosphatase (GPase) activity. Lymphoma and embryo extracts
show a wide band of GPase similar to that of pNPPase
activity in these extracts. Neuraminidase slows the
mobility of GPase activity from all enzymes except those of
30
TABLE II








Placenta 10 8.05 2.45
Placenta 10 9.45 2.35
Embryo 20 1.44 1.44
Embryo 20 8.08 1.4o
Spleen 20 3.24 1.02
Spleen 20 22.20 1.71
Spleen 20 13.24 2.24
Lymphoma 20 1.62 1.82
Lymphoma 10 1.80 1.62
Lymphoma 10 1.26 1.23
a There were two separate preparations of placenta and embryo
extracts and three separate preparations of spleen and lymphoma
extracts.
b Activity units defined as micromoles p-nitrophenol liberated
in 30 minutes at 37 0 present per sample applied to the electro¬
phoresis gel.
Fig. l6. Electrophoresis of alkaline phosphatase showing
pNPPase activity. A represents a diagramatic
interpretation of gel. B. represents a photo¬
graph of the gel. P represents placenta
extract; E represents embryo extract; S repre¬
sents spleen extract; L represents lymphoma
extract; n indicates extract was treated with
neuraminidase; and - represents hemoglobin
molecule present before staining.
f I
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Fig. 17. Electrophoresis of alkaline phosphatase showing
GPase activity. ^ represents a diagramatic
interpretation of gel. B represents a photo¬
graph of the gel. P represents placenta
extract; E represents emhryo extract; S repre¬
sents spleen extract; L represents lymphoma
extract; n indicates extract was treated with
neuraminidase; and = represents hemogj-obin
molecule present before staining.
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the embryo.
Figure 18 shows the electrophoresis of APase activity
using the substrate pyrophosphate. All extracts have one
band of pyrophosphatase (PPase) activity in the presence of
MgClg. These enzymes appear at the same location with the
spleen enzyme showing the largest amount of activity.
Neuraminidase did not affect the mobilities of any of the
PPase activities. Placenta and embryo did not show PPase
activity in the presence of CaCl^ (Fig. not shown).
Figure 19 shows the electrophoresis of APase activity
using the substrate alpha-naphthyl phosphate. All show one
band with the same mobility. In addition embryo and lym¬
phoma show another slower moving band with a similar
mobility. Heat had no affect on the mobilities of alpha-
naphthyl phosphatase (NPase) activities whereas neuramini¬
dase decreased the mobilities of all the enzymes, except
those of the embryo.
Comparison of APase Activity on Various Substrates
The placenta and lymphoma appear to have NPase,
pNPPase and GPase activities at the same location on the
gels (Pigs. l6, 17» 19). The faster moving bands of
lymphoma and embryo NPase and GPase activities have the
same location as spleen and placenta NPase and GPase
activities (Pigs. 17» 19)* In the spleen and embryo
Fig. 18. Electrophoresis of alkaline phosphatase showing
PPase actirity in presence of MgClg. A repre¬
sents a diagramatic interpretation of gel. ^
represents a photograph of the gel. P repre¬
sents placenta extract; E represents embryo
extract; S represents spleen extract; L represents
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Fig. 19. Electrophoresis of alkaline phosphatase showing
NPase actirity. A represents a diagramatic
interpretation of gel. B represents a photo¬
graph of the gel. P represents placenta
extract; E represents emhryo extract; S repre¬
sents spleen extract; L represents lymphoma
extract; n indicates extract was treated with
neuraminidase; and h indicates the extract was
heated for one hour at 55 C.
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extracts the pNPPase activity appears to have a slightly
slower mobility than GPase and NPase (Figs. l6, 17» 19)•
The PPase activity in the spleen, placenta, embryo and
lymphoma appeared to be 1 cm closer to the cathode than
pNPPase, HPase and GPase activities in these extracts
(Figs. 16-19) and is therefore a distinct activity.
Protein
All extracts have bands one and four in common. Band
two appears in placenta, embryo and lymphoma extracts.
The embryo has band three which is not present in any other
sample. APase is not in high enough concentration to
appear on the protein stain showing that stains for enzymatic
activity are more sensitive than protein stains (Fig. 20).
Fig. 20. Electrophoresis of protein stain after electro¬
phoretic separation. A represents a diagramatic
interpretation of gel. B represents a photo¬
graph of the gel. P represents placenta extract.
E represents emhryo extract. S represents spleen





The activity of APase in different cells correlates
with the amount of activity present in the extracts.
Placenta appears to have the most activity and the specific
activity supports the histochemistry. APase appears in the
syntrophohlast and cytotrophohlast of placenta which agrees
with Lobel, et al. (1962) and Wachstein, et al. (1963).
The APase is located in the cytoplasm and cell membrane of
the embryo cells with the embryo liver showing more activ¬
ity than the embryo intestine or embryo cartilage. APase is
located in the periphery of the germinal centers in the nor¬
mal spleen and on the cell membrane of lymphoma cells in
agreement with Lagerldf and Kaplan (1967) and Lumb and Doell
(1970). APase activity is found in the endothelial cells of
blood vessels of all tissues. APase has also been shown to
be located on the envelope of some virions of leukemic mice
(De Th^, 1966). The APase of the virus may be obtained from
leukemic cells as it buds off the cell membrane.
Of current methods for staining for APase on the
gels only that using alpha-naphthyl phosphate with the
axo-dye is adequate. The Gomori method can be used for
several substrates, but it gives artifacts with beta-
glycerophosphate. In addition it is not as sensitive as
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the azo-dye method. In order to develop a more adequate
method which could be used with a variety of substrates,
the Fiske-Subbarow method of phosphate assay was adapted
for staining the gels. This provides an improved method
for localizing APase with a variety of substrates.
According to substrate specificity, lymphoma APase
can be divided into a PPase activity and a nonspecific APase
activity. Lymphoma PPase had a different mobility than
APase localized with the other substrates, indicating that
PPase activity is a distinct APase activity. Lymphoma
PPase mobility was not affected by neuraminidase which
cleaves H-acetyl neuraminic acid residues from glyco¬
proteins. PPase resistance to neuraminidase indicates
that this is not a glycoprotein. The spleen, placenta and
embryo extracts appear to have the same PPase activity as
lymphoma extract including the lack of neuraminidase effect.
The other substrates localized nonspecific APase
activity. NPase activity of the lymphoma extract has two
bands. GPase and pNPPase activities showed wide bands of
APase activity in lymphoma extracts which overlap the two
NPase activities. Neuraminidase slowed the mobilities of
NPase, GPase and pNPPase activity of lymphoma extract
indicating that the nonspecific APase is a glycoprotein.
The NPase, GPase and pNPPase activities of spleen, and
placenta appear similar to the faster migrating nonspecific
APase of lymphoma. The untreated emhryo extract had two
hands of nonspecific APase activity similar to the two
hands of nonspecific APase hands found in lymphoma extracts.
Neuraminidase slowed the mobility of the nonspecific APase
activity of placenta and spleen as it did lymphoma extract
while the emhryo nonspecific APase activity was resistant
to neuraminidase.
The resistance of both emhryo hands indicates that
emhryo APase is not a glycoprotein. Alternatively, neurami¬
nidase resistant emhryo APase activity could he due to
endogenous neuraminidase. If this were true the level of
endogenous neuraminidase could have cleaved the N-acetyl
neuraminic acid residues of the enzyme and further treat¬
ment with purified neuraminidase would not cause any further
reduction in the electrophoretic migration of the enzyme.
Ghosh (1969) found a high level of endogenous neuraminidase
present in adult intestinal musoca, duodenal secretions,
gastric Juice and ileostomy drainage and comparatively
small amounts or no neuraminidase in liver, hone, kidney,
spleen, lung and placenta. This could account for the
neuraminidase resistance of the embryonic APase activity.
This would indicate a difference between the emhryo and
lymphoma APase mobility since the similarity is to the
untreated and presumably N-acetyl neuraminic acid contain¬
ing lymphoma APase. Until further studies are performed
on the embryo and lymphoma APase, no conclusion can be
drawn. A more appropriate comparison would be with the
activity of embryo thymus which is impractical until a
more sensitive stain is developed.
In contrast. Moss et al. (1967) and Moss (1968) found
PPase and APase activities of htiman placenta, liver, bone
and intestine extracts coincident on starch gel electro¬
phoresis indicating PPase and APase activities are on the
same molecule. Neuraminidase inhibited the mobility of both
PPase and APase activities of placenta, liver and bone
extracts while it had no affect on either activity in the
intestine extract. It is interesting to note that they
used only the substrates alpha-naphthyl phosphate and
inorganic pyrophosphate whereas more substrates should have
been tried. Thus in the htiman placenta the APase and PPase
activities appear on the same molecule whereas in C57B1
mouse placenta the APase appear to be on different molecules.
The role of PPase in humans and mice may not be analogous
and therefore further studies are necessary to determine if
the PPase in C57B1 mice is indeed on a different molecule
as suggested by electrophoresis. Since histochemistry
has only been performed on the nonspecific APase activities
in lymphoma, the role of PPase in lymphoma is not clear.
Histochemistry of PPase should be performed in leukemic
and normal tissue to determine whether or not it is corre¬
lated with malignant transformation.
The fact that lymphoma has two nonspecific APase
activities can be explained by the possibility that two
different genes coded for the two enzymes or by the
possibility that one gene coded for both enzymes with at
least two possible alterations in structure occurring after
assembly. The first possibility might involve an aggregate
of the same amino acid sequence. The aggregate would be
formed by monomers Joining to form the polymer. The monomer
would have a faster mobility after electrophoretic separa¬
tion due to smaller size and the polymer would have a slower
mobility. This could be shown by repeating electrophoretic
separation after eluting the polymer and chemically treat¬
ing it to obtain the monomer. If the same electrophoretic
pattern as occurred the first time occurred or the enzyme
travelled to the same position as the monomer, then the
enzyme would be in the aggregated state. The second
possibility might involve a charged carbohydrate conjugate
attached to one of two identical protein moieties. The
fact that neuraminidase slowed the mobility of both non¬
specific APase bands of lymphoma indicates that the
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enzyme does have N-acetyl neuraminic acid moieties attached.
Since lymphoma, spleen and placenta APase activities
are similar, this may he further support for the concept
that cell derepression of host cell functions is a process
in neoplastic transformation. Embryo and malignant cells
are both rapidly proliferating cells. It is reasonable to
assume that normal embryo development might require repres¬
sion of some functions concerned with this rapid prolifera¬
tion. If in an adult some of these repressed functions
concerned were derepressed, a formerly differentiated cell
may become malignant. A mechanism for derepression through
the use of chemical carcinogens and irradiation may be that
these agents inhibit a repressor from binding with the DNA
allowing transcription of genes. Since sero-epidemiological
studies and cell culture studies support the hypothesis that
the cell contains information for producing C-type RNA
viruses, the genes transcribed may be those of the virogene
capable of coding for the virus (Huebner and Todaro, 1969)*
The virus replication may then activate embryonic functions.
Other workers involved in isozyme studies have shown
that tumor tissue resembles the human placenta, normal
adult tissues and fetal tissues. Fishman et al. (1968)
found that the placental and Began isozyme, an isozyme
found in the serum of a male patient who had bronchiocarci-
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noma, were Ijoth sensltire to L-phenylalanine and neuramini¬
dase and have the same pH optimum. The fact that a male
tumor resembles the placenta can be explained by the
derepression of repressed cell functions as a process of
neoplastic transformation since the formation of the placenta
in the female occurs only during embryonic development
showing a definite involvement of repression after the
fetus is born. The biochemical data of Lumb and Doell
(1970) indicate that lymphoma was similar to spleen in
the three parameters of heat inactivation, pH optimum and
substrate specificity. Their electrophoretic data showed
two APase activities for lymphoma with the faster migrating
APase activity similar to normal spleen. Neumann et al.
(1971) showed no significant differences in the electro¬
phoretic mobilities between leukemic and normal spleen
APase activity in C57B1 mice. Tyndall et al. (1971)
observed that isozyme patterns of leukemic extracts were
similar to those of embryo spleen and embryo thymus.
Knox et al. (l97l) found that the isozyme pattern of
several kinds of neoplasms resemble the immature tissue as
did Farron et al. (1972). These studies indicate that
derepression of repressed cell functions may be a process
of neoplastic transformation just as our work does, since
the ttimorous tissue resembles the normal and fetal tissues
rather than being unique.
To further determine if lymphoma is similar to normal
tissues, the extracts need to he eluted and various hio-
chemical characterizations performed. This vould not only
help to clarify the question hut also give more support for
the different site of PPase activity from the other APase
activities. In addition it would help determine if the two
hands present in lymphoma and emhryo on the substrate
NPase are polymers or unique enzymes.
CHAPTER VI
SUMMARY
1. The objective of this work was to determine whether or
not the APase of lymphoma induced in C57B1 mice is similar
to APase activities in normal C57B1 mouse placenta, spleen
or embryo.
2. To achieve this purpose electrophoretic characteriza¬
tions of HPase, GPase, pNPPase and PPase activities in these
extracts were performed.
3. The lymphoma appeared to have two bands of a nonspecific
APase activity which hydrolyzed alpha-naphthyl phosphate,
beta-glycerophosphate and p-nitrophenyl phosphate.
4. The faster migrating APase activity of lymphoma extract
was similar to the one band of placenta and spleen. Neura¬
minidase slowed the mobility of the APase activities of
lymphoma, spleen and placenta extracts.
5. The two bands of nonspecific embryo APase activity
appeared similar to the two bands of lymphoma activity.
However, neuraminidase did not affect the mobility of the
embryo APase activities showing a difference in the struc¬
ture of the embryo APase.
6. A PPase activity distinct from the nonspecific APase
activity was found in all four tissues.
7. The fact that lymphoma APase appears similar to spleen
and placenta APase is evidence for the cell derepression
theory as one of the mechanisms of malignant transformation.
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